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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some Regular Contributors Include: 
Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Gary Halverson 
(K6GLH), Larry Will (W3LW), D.S. “Jeep” Platt (K3HVG), Joe Long 
(WA2EJT), Jeff Covelli (WA8SAJ), Mike Bittner (W6MAB), Mike 
Murphy (WU2D), George Misic (KE8RN), Dave Gordon-Smith 
(G3UUR), Pat Griffin (AA4PG), Phil Legate (ACQ@OB) 


Editor’s Comments 


About the June Issue 
The June issue of Electric Radio had a 
misprinted cover. It was numbered “350” when 
it actually should have been #349. So, this issue 
is #350B to avoid a confusing gap in issue 
numbers. I suppose this is like the airmail stamp 
with the upside-down mail plane years ago that became a valuable classic — and this 
issue has noting to do with the rare Western Electric 350B triode! 
This Month in ER 
In this issue we are beginning a new column that will hopefully become a regular 
feature, the Cartoon QSL Card Roundup. This was done at the suggestion of Gary 
Halverson (K6GLH), who has been requesting classic cartoon QSL cards on-air on 
the west coast nets recently. These QSL cards were quite popular back in the 1930s 
to the 1950s and are lots of fun to read. As Gary mentions on page 12, we can only 
keep this new column going if cards, or scans of the cards, are sent in. 
Por anyone that has always wanted to build a high-powered AM transmitter, this 
month Phil Legate (AC@OB) has sent in his screen-modulated 813 design. Due 
to the detailed schematics, it will run in several parts with large drawings so they 


are easier to read. 
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Another Heathkit DX-60 Restoration: 
The Saga Continues 


By Ken Miller, KOCTW 
k6ctw@earthlink.net 


Introduction 

The Heathkit DX-60 was a very 
common Novice rig in the late ‘60s when 
I got my “ticket.” Although it’s not 
comparable to modern rigs, with all their 
features, it is easy to work on with only 
basic tools and has exceptional and free 
documentation. Another bonus is the 
physical size of the components. You 
won't need a magnifier to read the values 
and to place them into the radio. You 
also won’t need a miniature iron and a 
solder reflow workstation to fix any errors 
a real benefit for the surface-mount 
phobic. So, for those of us that enjoy 
reliving our “childhood” in amateur radio, 
this is a very easy step into Mr. Peabody’s 


“wayback machine” And another perk, 
these vintage rigs provide the ability to 
enter the Classic Exchange’ and Novice 
Rig Roundup? not to mention Straight 
Key Night? with a true classic! One other 
bit of good news is that DX-60s can 
easily be found on the various auction 
sites and usually at hamfests and aren’t 
all that expensive. This article is about a 
second DX-G60 restoration. 

The originally restored DX-60 was 
indeed found at a local hamfest. It was in 
very nice physical shape, with a perfect 
although a bit dirty front panel, however, 
it did not work. Luckily, the builder had 
only made a few simple and easy-to-spot 
wiring and component errors. After 
replacing the original AC line cord with 
a 3-prong version, adding a modern fuse, 
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Figure 1: Top-Front View of the Heath DX-60 at K6CTW 
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replacing the electrolytics and some other 
components, as well as fixing the wiring 
errors, it was operational! It should be 
noted that there were NO additional 
changes or upgrades made to this rig and 
it has been running well for about 20 
years, albeit with a need to regularly “fix” 
the “Function” switch and to change out 
a couple of tubes. I'll have more on the 
switch “issue” later. 

This latest DX-60 that followed me 
home was quite inexpensive. Upon closer 
examination though, it turned out that 
the low price was indicative of the actual 
condition of the unit. Although it looked 
OK on the outside, it was in very much 
less than ideal shape on the inside. But 
not to worry, since the shack already had 
an operational DX-60 the decision was 
made that this was not only going to bea 
restoration, but that it was going to bea 
full re-manufacture! Thus, prime 
considerations for this “build” were that 
there would be included some much 
needed improvements that would “fix” 
the obvious shortcomings identified in 
the first unit, and that it would enable it 
to last another 50 years with, hopefully, 
zero maintenance except for the 
occasional tube replacement. Unlike the 
original DX-60, which has not been a 
primary rig, this one is intended to fill 
that role for daily use chasing DX and on 
the CW traffic nets. As many have 
probably already noticed, a really good 
set of original knobs for this rig were 
unobtainum so a replacement set that 
looked nice was found. Also, the bezel 
around the meter was painted to match 
the new knobs. 

Prior to continuing any further, Pd 
like to thank Phil, AC@OB, for his 
excellent and thorough DX-60 article in 
Electric Radio * as well as his continuing 
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patience in answering my many follow- 
up questions with respect to the various 
modifications he described. A number of 
the modifications in this restoration/ 
upgrade effort are either directly from 
that article or were done in consultation 
with him. His article is highly 
recommended reading! Thanks also go 
out to a number of other friends — too 
many to name here — that assisted with 
providing help on finding the parts, metal 
work, tools, etc. 

However, before going on to describe 
this latest “journey” along the road to 
rebuilding and restoring a sentimental 
favorite, a little history for those who 
aren't old enough to remember is 
probably in order. 

DX-60 History 

Heathkit produced the DX-60 
transmitter kits from 1960 through 1976 
in three versions. The original, the DX- 
60 and a personal favorite from a “looks” 
standpoint was available from 1960 
through 1964. Offered to the ham 
COMMUNITY At jn? 09 Seine OG Uegt at 
equates to over $650 in today’s dollars. 
The “A” model, which had some minor 
changes to the power supply, components 
and sheet metal, was available from 1965 
through 1967. The final “B” version, 
with a few additional minor power supply, 
sheet metal and component changes, was 
the last version and was available from 
1967 through 1976. A review of some of 
the sales data indicates that there were at 
least 12 to 15 thousand DX-60 kits 
including all three variants sold. 

The original DX-60 was reviewed in 
QST in July of 1961° and in CQ during 
April of that year. Then 53 years later, it 
appeared in the April 2014 issue of QST 
in the Vintage Radio section.® And now, 
a look at the circuit basics of this radio. 
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Circuit Description 


The DX-60 is a basic AM and CW 


transmitter and is an upgrade/ 
continuation of the DX-40, which was 
an upgrade/continuation of the DX-35, 
and so-on. The 1961 QST review ° of the 
DX-60 was quite good except that the 
writer noted a need for better voltage 
regulation on V1, the 6CL6 oscillator. 
For the remainder of this discussion, 
refer to figure 2, the “Modified DX-60 
Block Diagram” and also the schematic 
in figure 3. 

V1 6CL6 operates as either a crystal 
oscillator or as a buffer when using an 
external VFO. As can be noted when 
looking at a schematic, the “plate” of the 
oscillator, which is actually the screen of 
V1, is now fed with a regulated supply 
through the use of the voltage regulator 
VR tube. This prevents voltage changes 
when using the rig on 10 meters with 


certain crystals and/or the companion 
Heathkit HG-10 VFO when powered by 
the DX-60. This voltage drop will be 
generally seen as a problem on higher 
frequencies, which results in “chirp” ona 
CW signal or FM’ing on 10 meter AM. 
V2, another 6CL6, operates as either a 
simple driver on 80 and 40 meters or as 
a driver/multiplier on 20, 15 and 10 
meters. V3, a 6146, is a neutralized, 
straight-through, final amplifier 
delivering up to about 90 watts input and 
45-50 watts output on CW. 

Unlike its immediate predecessor, the 
DX-40, keying for the DX-60 is grid- 
blocked, not cathode-keyed, meaning that 
when the key is open a negative voltage is 
applied to the grids of V1, V2 and V3. 
When the key is closed, that negative 
voltage is simultaneously removed from 
V1 and V2 and the negative voltage on 
the grid of V3 is reduced to the operating 
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level through a resistor, thus keying all 


the stages and producing CW output. A 


note, the voltage across the key is thus 
about minus 70 volts DC, which would 
be “interesting” if connected across a 
modern keyer without a relay output. 
Since the preferred keys here are a 
Vibroplex Blue Racer and Nye-Viking 
straight key, that did not present an issue. 

For controlled carrier AM voice, V5 (a 
12AX7) acts as a speech amplifier and V4 
(a 6DE7) provides modulation to the 
screen of V3. This configuration delivers 
a resting carrier output level of between 
7 and 10 watts and a peak output of 
between 25 and 40 watts without all of 
the ACWOB 100% 


modifications that increase these levels 


modulation 


some. 

Although at these low output power 
levels and missing other features of some 
of the more advanced rigs of the time, 
with patience, a lot of listening and 
working the band conditions to the fullest, 
your restored DX-60 could indeed help 
you attain DXCC, even with simple wire 
antennas. 

Restoration 

After reading the original DX-60 
°, and then testing the unit that 
had been previously restored, a little 
“chirp” was noted on 10 meters and to a 
lesser extent on 15 meters on a friend’s 
receiver. Thus came about the decision 
to add, as the original QST review 
indicated, a VR tube to the oscillator 
section for this restoration. Besides being 
“cool” in having a glowing VR tube in 
the lineup, it was a good excuse to learn 
about using this technique for regulating 


review 
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voltage. A pair of Zener diodes in series 
would have been easier and simpler but 
where would have been the fun in that? 
Besides, adding silicon to a mostly tube 
rig — except for diodes in the power 
supply — just seemed “wrong!” 

As noted above, the chassis of this unit 
had definitely seen better days. There 
were numerous small rust spots, 
corrosion, etc. So, after using a wire brush 
and other cleaning tools, the results 
looked pretty “rough,” hence the decision 
was made to re-plate the chassis, internal 
shields, final amplified cage and the low- 
pass filter. A local firm’ did the job and it 
came back much improved. Note that all 
the additional holes in the chassis for the 
VR tube and relay socket as well as the 
adjustment pot for the input to the VR 
were put into the chassis before plating. 
Painting the ' cabinet "was iver, 
straightforward. After careful sanding to 
remove the imperfections, a color match 
was found using Valspar Project Perfect 
paint-and-primer in Hunter Green 
#84211. 

Although maybe a little bit of “gilding 
the lily” another option that was available 
is having the power transformer 
rewound?®, By having this done the result 
is essentially a new transformer. Although 
the Transformer Rewinding Service has 
since closed up shop, there are others out 
there doing this as well. 

Power Transformer Tips 

Rewinding the power transformer can 
also address another issue for rigs of this 
vintage, which is that their transformers 
were designed to provide output voltages 
based upon an average AC input voltage 
of about 110 volts. However, with today’s 
average of 120 volts, most of the outputs 
will now be about 10% higher. Thus, 
when rewinding, consider having some 


of the windings removed, resulting in 
July 2018 


output voltages more in line with values 
that were expected, and that the circuits 
were designed to handle. This will be an 
integral part of following restorations. 
Another option is to purchase a brand 
new power transformer from Peter W. 
Dahl Company.'® Peter W. Dahl also has 
a lot of newly manufactured power 
transformers fora large number of vintage 
rigs, so go check them out! 
Wiring 

Another element of many restorations 
is the repair or replacement of the wiring 
harness. In the case of this rig, it definitely 
showed its age. It was dirty, oily and 
sticky due to probably failing plastic 
insulation. It had numerous spots on the 
wires where the original builder had been 
less than careful with a soldering iron. 
Remaking the wiring harness involved, 
carefully removing the original, creating 
a pegboard template, making a list of all 
the wires, their size gauge and color, 
“break-out-point” to “break-out-point” 
routing and then building a duplicate 
using modern, higher-voltage versions? 
of the wires. In hindsight, a change that 
should be made from the original design 
would have been to upgrade the wires 
that run from the transformer secondary 
to the function switch from 22 to 18 
gauge. One note here, when completed, 
the new wiring harness bundle was a 
little larger in diameter than the original 
and thus some work with a Dremel tool 
was required on the crystal holder where 
the harness lays underneath and the final 
amplifier shield where the openings 
needed to be just a little larger. 

The Function Switch 

The most common complaint, and the 
main failure in the design of the DX-60 
is that there is high voltage on the function 
switch and, through use, the arc caused 


by moving the switch eventually destroys 
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those contacts, thus ruining the switch 
and rendering the unit non-functional. 
The “fix” made to the original DX-60 
was to drill out the rivet holding the 
remains of the switch contacts, then with 
a very small 2x60 screw/nut combination, 
use contacts from a salvaged switch to 
replace them. This has become a task that 
has to be done about every year or two. 
This really isn’t the best idea, and since a 
replacement switch is now very difficult 
to find. Rewiring the function switch to 
use a low voltage to “drive” a relay that, 
in turn, switches the high voltage lines 
was a “must do.” In this case, the 6.3 
VAC filament voltage from V4 was used 
with a Potter & Brumfield K-10, a 
miniature relay with a6 VAC coil". This 
is an easy “fix” and because the relay is 
mounted in a socket, should it ever fail, 
replacement will be a snap. 

As should be expected as well, the band 
switch parts are also no longer available. 
Thus, an effort was made to carefully 
clean and restore the ceramic function 
switch and the band switches. They were 
carefully cleaned with DeoxIT and Q- 
tips and then reassembled. However, 
when checking the function switch, it 
was found to have been “modified” or 
damaged so that the wafers and contacts 
were no longer correct. Luckily a “grab 
bag” of miscellaneous DX-60 parts had 
been accumulated over the past few years, 
and it provided replacements for not 
only the function switch but also for the 
phenolic wafer in the band-switch 
element, attached to coil assembly L2, 
that had previously been rendered 
mechanically useless as well. 

Component Replacement 

Another part of the process in 
rebuilding the DX-60 was to order 
modern equivalents, where applicable, 


for many of the remaining components, 
July 2018 yi 


hardware, and other miscellaneous parts. 


Most components were acquired from - 


DigiKey,,. The tubes and sockets were 
acquired from Antique Electronic 
Supply’? and Tube Depot'’. The IERC 
tube shields, carbon composition 
resistors, terminal strips, etc., are from 
Surplus Sales.'* Hardware was ordered 
from McMaster-Carr.'® However, some 
of the component values ordered were 
changed from the original parts list based 
on ACOOB’s modifications® that would 
“work” for me. 
Power Supply 

There were some changes made to the 
power supply sections. The main 
electrolytic capacitor values were retained 
for the high voltage sections but the ones 
in the bias side were increased slightly. 
The diodes in both the high voltage and 
bias sections were upgraded to 3A, 1000 
PIV (1N5408) and the 100-ohm, 


wirewound equalization resistors were 


upgraded to 10 watts. The most 
interesting change was the creation of a 
“bleeder board.” It was used to replace 
the original center-tapped, 30k-ohm, 
wirewound resistor R20, which is used as 
a voltage divider. The replacement values 
are shown on the PCB layout in figure 3. 

In addition to the resistor replacement, 
a dropping resistor (470-ohm, 10-watt) 
was used for the plate supply voltage (for 
all but the 6146), added from the center 
tap, and an electrolytic was included for 
additional filtering. This was then 
mounted on a standoff using the original 
hole for mounting the resistor. See figure 
4. The bias supply now also includes a 
4,7 uF electrolytic at the intersection of 
R15 and R9 to provide extra filtering. 

Lastly, the dial lights on the meter 
were switched to LEDs. 

As noted earlier, the oscillator section, 
V1, was updated to include a 0A2 VR on 
the screen (figure 5). The screen of V1 is 
used as the plate for a Pierce oscillator 
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the tube acting as a 
buffer. With the VR 
in place, the voltage 
is a very constant 146 
VDC under ill 
conditions and there 
is no detectable chirp 
on 1:0 -amveterss 
Although not strictly 
neededy: thest: did 
provide some fun 
experimentation with 
a VR tube! If these 
mods are made to 
another follow-on 
DX-60, the pot for 
regulating the input 
voltage to the VR tube 
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Figure 5: The added parts are light gray. 


and replaced with a fixed 5-k, 2-watt 
resistor. 


The buffer/driver V2 part of the rig got 


some mods too. These were direct from 
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AC@OB’s article® and they have been 
installed to correct the following: 
¢ Marginal resistor R5 upgraded to 2 


watts dissipation, 
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Figure 6 


¢ Lower voltage output from, and 
upgraded dissipation of resistor R7, 
changed from 6.8k, 2W to 18.5k, 4W 
(two 39k, 2W in parallel), 

¢ Lower voltages by slightly increasing 
resistor R8 to 1.1k and upgrade to 2 
watts, 

¢ Provide some protection and filtering 
for the “Gain” pot by adding a 22 pF 
capacitor to the junction of the gain pot 
and R7. 

V3, a 6146A power amplifier, has had 
two modifications added. The main one 
is changing C23 from 68 pF to 100 pF to 
improve loading at the bottom end of 80 
meters. The other was to remove the 
feed-through capacitor and just run the 
high voltage line into the PA cage area 
through the same hole with a grommet 
and a little extra heat-shrink on the heavy 
tedilead; The capacitive effect of, the 
original feed-thru capacitor was replaced 
with a 4-kV, 0.001 uF cap at the junction 
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of the tank coil and the heavy red lead. By 
the way, that is basically how it is done in 
the “B” model. The only other change 
was to use a NOS parasitic choke as in the 
6146 PA on a KWM-2. 

Mods to the speech amp and modulator 
were minimal for this DX-60 as it 
probably won’t be operated in the AM 
mode very often, as it has been set up for 
CW. The changes that were made were 
to replace C31 with a 0.022 nF and C33 
with 0.05 pF. See figure 6. This should 
improve the audio response to make it 
sound less “tinny.” Ifyou are anticipating 
using the rig primarily for AM, following 
all of Phil’s (AC@OB) audio amp and 
modulator modifications* are highly 
recommended. One note though, even 
just these simple changes were noticed 
on-air by some local hams who 
commented on the quality of my signal. 

Conclusion 
This has been an interesting project, 
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and it has brought to light one VERY 
important thing. Make sure that the 
original unit before restoration is “mostly” 
functional. This will ensure that 
components that are no longer 
manufactured or available, such as rotary 
switches, special coils, etc., should be, 
with care, salvageable and thus will still 
be working when reinstalled in the “new” 
unit. Another thing was that, once a 
restoration is complete, there are 
additional changes/upgrades that would 
be good to include on the next restoration 
of this same radio. If another DX-60, or 
maybe the original one, gets re-done, 
those changes have been noted and will 
be incorporated. 

In addition, to make sure the 
documentation is complete for the “as 
built” new DX-60, there are auxiliary 
pages added and referenced in the 
assembly manual, indicating exactly when 
in the process mods were made and what 
those mods were. This also includes a 
complete “new” parts list. New voltage 
tables for both key-up and key-down and 
a resistance chart were also created. That 
way, should the unit need service, it will 
be easier to locate the difficulty. Finally, 
a complete schematic was redrawn that 
incorporated all of the mods. All the 
documentation was then assembled in a 
single 3-ring binder for easy reference 
and use. 

Hopefully this article will have 
motivated some of you to take on the 
challenge and fun of restoring your own 
DX-60! In so doing, you will not only 
celebrate a bygone era — as is noted on the 
Electric Radio magazine cover — and have 
a LOT of fun, but you will be preserving 
a bit of history that can be demonstrated 
to the next generation of hams. 
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CARTOON OSL CARD ROUNDUP 


Since the early days of wireless using spark gap transmitters and regenerative 
receivers, hams have made a side-hobby out of collecting unique and interesting QSL 
cards. Frequently the more creative cards are crafted with a good deal of pride, and 
thanks to the inspiration from artists like Howard Brown, Clyde Darr, 8ZZ, and Gil 
Gildersleeve, W1CJD, whose artwork appeared on the covers of popular radio 
magazines of the day, the cartoon QSL card has become a favorite collectible. 

The custom QSL cards created for the ham husband and wife team of Reid and 
Barbara Ross, W7HOP and K7KCY (SK) inspired the idea of having a “Cartoon QSL 
Card Roundup.” 

We encourage you to share some of your favorite cartoon QSL cards to sustain this 
new column. Vintage cards (over 20 years old) are preferred. Cards can be black and 
white or color. Scans as attachments to emails are preferred to avoid the risk of losing 
your originals. Por best results, scan your cards at 200 or 300 DPI and save them as 
JPEG files. Try to give each card a unique name (avoid default file names like scan 001, 
scan 002, etc.). Then email them to: Rav@ERmag.com. Or, if no scanning equipment 
is available, send them to my post office box. We will scan them here and return 
promptly. Sharing some of your favorite cartoon QSL cards will be appreciated by all 
our ER readers. Thank you! 


| ae Crry, Nevanal | 
TPO: Box? 25 ian a 


| Tl gore IT: SWE SON SALOON 


~ SINS SONNY AAA AAA AO SAGES 


W7HOP: This j is Reid rie S ve Ost that he sent out eee many years. 
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ate 


poss 


unique cards like this too often! The Ross’ artist was Ray Jones, and unaffiliated free- 
lance cartoonist. 


Next are a few more examples of some creative and fun cartoon cards: 


2 


a 
SOF Larry Le 
= 3019 York Road, 
Sout Ben, 
if INDIANA 


W9IOP: Larry Le Kashman (1921 — 1978) was also W8IOP and W2IOP, and an early 
editor with CQ magazine. He was also VP of Marketing for Electro-Voice. His QSL 
artist was W7ESJ. Larry was known for his “perfect fist and snappy operating style.” 
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ALE BADIO CUB i 


: i = UNIVERSITY 
WIFJ-VISA-WLEC F NEW HAVEN,-CONN. 
ORS-OBS. a RO 
AFFILIATED CLUB ARRL. 

CONN. NEY CONTROL - ARTY AS. 
WIYU IS ON THE AIR FOR— 
~TFC, DX, 2.C. AND EXP. 


Mogg isosied 3 NR.I: —— 7A 
ATTS, pam IN LAST 
STAGE, S PHASE POWER. 
STATENS | 


FREQUENCY: 
RADIO___YOUR 
| SIGNALS WERE 


OPR. 
DUNHAM LAS. OF ELECTRICAL ENGINEERING 


WI1YU used one of many custom cards designed by the famous artist Gil, W1CJD. 


v” KMTR TEs (2/7 j260 ay tages 
“Xfal mie 6S) 
va 


bM PRECE: Va 
iva er, HERO fae 


SYR = 


Some of the cards we have received were accompanied by comments from the 
contributor. For example, Henry Rogers, WA7WBS, said: “I’m glad Rudy Malo made 
the cut. I used to see him around Minden in the early 1970s. He used to wear these 
leather flight gloves no matter how hot it was outside. He was W7PST after 1946.” 
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CONF.CIW QSO OF/Li3-e2 


| apie RDO 
«ete GH ATILSSST _ NG 
Oey, rae Repeat 


Ya XMT RChallageu — ANT Leite 


i ‘+ GARET CALLEN MARGE 


WV6VHI: This WV6VHI card was submitted by Jon, K6JEK, who worked Marge 


SAN SOSe a CAL, 
during his novice days as WNG6AJQ, back in 1962. 


K4RUG: This card was sent by Henry Rogers (WA7YBS). Charlie, K4RUG, is the ham 
dressed as an Arab on a radio-equipped Flying Carpet! 
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AMMETER 


= 
= 
E 
= 
— 
‘iS 


mLPUsIBiseinae. 


x 90 BA A= 
: 7 

Sire Wore Hetro? FRona 
KD SHG 

RO. Bex (456 


> Lyeows, Co 
ey, 


atin "nn 


aire 
W. Saal 
+WSAAX 


KD@HG: This was Bill Kleronomos’ QSL. It was copied from a vintage ad in one of 
the 1930’s issue of Radio magazine, as given to him by NODMS. W8AAX was another 
QSL artist but we don’t know much about him. Each year we use some of this card for 
the annual KD@HG Electric Radio Heavy Metal Rally banner in ER. 


Se - = 


TIME o-//- 37 


RCVRYY:72O. Si 


UR-S1GS ASAB * fire OM. 


ROUND wil “HOUNDS AND S NOOPERS. 


WIWQY: Ed Fierce was a lieutenant of police in St. Louis, with his hand-drawn 
cartoon likeness with some very long dogs with lightning bolts shooting off their tails. 
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NESE QI Yo A.@.R-L 
WEST MARTEORD CON. 


Mea 


WA1UE: Ed Battey, an Assistant Communications Manager with ARRL, had another 
classic Gil cartoon card back before WWII, this one is from 1940. 


“bf 


a 


WA 


ee oe 


3G - RN Io D/O 


i 
oss ¥ 
ae Pay 
t Hs) as 
U vw ; 


59 lsat AVE. W., EAGLE BUTTE, S. DAK, 


- 


b3 


(F- D0 


WORTI 
Petite ee ce el Ur Sige 
Blasted in here RST. Claes 
eee OOM Y on te 19a a , 
ROMO MM IE 
Py eWOONGrLt Idea naa! Be QiMRIES| 


ARTHUR EXE, -ART- OPR. 


fax rte (U WIbEF PRESS 


W9O0QQ’s card from 1938 was submitted by WA7YPS. Art, the Op, had a really 
funny card that shows lightning blasting his shack. 


Eft 
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Restoring the BC-312 and BC-314 
Medium Frequency WWII Receivers 


By Jeffrey Welsh, KD2AZI 
204 South Atlantic Ave. 
Haddonfield, NJ 08033 
RadioArtistry@gmail.com 


The BC-342 (and the *312, “314, and 
‘344) series of receivers were used in 
WWII bombers, mobile operations and 
ina fixed HQ; thus they come with either 
a dynamotor power supply or the RA-20 
AC supply. After the war, these were sold 
as surplus to ingenious hams, eager to 
press them into amateur service. The use 
of these receivers was so widespread that 
articles appeared in periodicals of the day 
describing modifications such as 
improvements to the RF gain, audio gain, 
addition of an s-meter, and similar 
changes. Due to this popularity amongst 
hams it is unusual to find these receivers 
in stock condition; I’ve seen many with 
S-meters added, holes drilled, and some 
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so modified they don’t look anything like 
the original! The stock speaker is the 
built-like-a-tank LS-3; these are available 
on-line and you can find them at hamfests 
from $20-$40. | 

The radios come in two flavors: the 
BC-312 and BC-342 for HEi5 18 
MHz) and the BC-314 and BC-344 for 
MF (Medium Frequency, 150 kHz- 1500 
kHz), with the model numbers further 
denoting the type of power supply, either 
the DM-21 dynamotor or the RA-20 AC 
supply. 

These radios come with variants 
denoted by a supplemental letter with 
differences in models shown in the 
manuals in charts and schematics notes. 


There are several related manuals, and 
each provides slightly different beneficial 
information as well as different errata. 


For example, resistor wattages are omitted 
in the TM 11-850, but are listed in the 


Figure 1: Front-Panel View of the BC-314-D MF Receiver 
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Figure 2: The Signal Corps BC-344-D MF Receiver 
TM 11-850N, along with a picture of 
every component in the radio. There are 
a set of manuals specific to repairs, the 
TM 4001 for the BC-312 and ‘342, and 
the TM 4002 for the BC-314 and ‘344. 


These are useful as well, because they 


provide additional detail; e.g. I was able 
to find the send/receive relay specs in the 
TM 4001 (absent in the TM 11-850) 
and correlate the part number to the 1M 
4002. Many part numbers are used in 
both the HF and MF models. 

This story begins a few years ago when 
I restored a BC-312G. Then a fellow 
ham heard about my project and gave me 
two ME radios (BC-314 and BC-344) 
that had been on his shelf for decades! I 
decided to repair both thinking it might 
be interesting to do some low frequency 
‘DXing with a boat anchor, plus I had 
never used any equipment with a 
dynamotor. Having the previous 
experience with the BC-312, my build 
philosophy on these other two was to 
replace the six 3 x .01 pF capacitors (oil 
and paper that are prone to leakage), the 
power supply electrolytic, and any other 
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paper-dielectric bypass capacitors. All 
resistors were to be checked as well as 
continuity on every coil. Note that you'll 
need to order 35-40 of those bypass 
capacitors, and also that resistors are in 
non-standard values such as 30k, 40k, 
60k, and 250k-ohms, for example. 
These radios are extremely compact 
and well shielded, and unusual for a boat 
anchor in that the depth is only 9 inches. 
These highly 


compartmentalized, with some circuit 


receivers are 


sections completely enclosed. The outer 
cabinet has no ventilation with the 
exception of three dime-sized vent holes. 
A rubber strip seals the case to the front 
Oi whe ioabin er 
compactness, it was decided to replace 
some parts opportunistically, e.g. once 
the 1st RF compartment was open, the 
single resistor would be replaced as well, 
and hopefully never have to open that 


Because of this 


box again. Due diligence is very important 
because of the compartments; if 
something happens, you may never see 
the smoke! 
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Figure 3, Right: The 
Coil Compartment 


The condition of my 
BC-314 (See figure 
1) looked NOS with a 
few exterior scratches. 
The BC-344 (Figure 
2) was a bit beat up 
and had a couple of 
later military modifi- 
cations indicated by 
labels on the front 


panel, including the 
"MEP", a coating of 
“Moisture-proofing 
and Fungi-Proofing 
varnish.” 

The “MWO” 
nomenclature refers to 
Modification Work 
Order, and those sheets 
referenced contain errata from the 


manuals as well as modifications for 
diversity reception. 
Restoration 

The BC-344 also had a burned resistor 
in the RE deck. Let’s grab a screwdriver 
and take a deeper look. 

I started with the RF coil compartments 
under the chassis. The TM 11-850 
manual section #73 enumerates the 
procedure to three 
compartments, and the instructions are 
good so I won’t repeat them. You may 


remove the 


have to hunt for the chassis deck screws 
holding the compartment on, some are 
under the RF tube shelf. This shelf can be 
lifted and flipped over by removing the 
two deck screws and two brass hex 
mounting screws. You can pull the tube 
grid cap wires through and flip the deck 
over. Don’t be surprised if a wire on the 
RF deck breaks after repeated movement. 


Here is what you'll find, once you remove 
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the unit and take the cover off. In order 
to remove the small deck of the paper 
capacitor, you may have to unsolder a 
couple of bare wires to the adjustment 
capacitors and remove screws for the coil 
mounts, and push a coil or two out of the 
way. Reassembly is easier since your 
replacement capacitor is likely to be a 
fraction of the size of the original. This is 
also your opportunity to check the 100k 
resistor, and coil continuity. It’s the same 
other two 
compartments. It’s a good idea to check 
for shorts while you have it apart; in my 
units the solder tabs for the capacitor 
were close the aluminum case, and the 
insulating tape had fallen away. Since the 
RF deck is already removed, let’s take a 
look at that. 

There are two styles, the one shown in 
figure 4 with a terminal strip I found 
easier to work on than the other. On this 


unit I decided not to remove the original 
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procedure), fore *the 


Figure 4: Rear View of the RF Deck 


metal (oil and paper) capacitors. I just 
clipped the leads and started fitting the 
new components in. I found an additional 
charred resistor, and most other resistors 
were out-of-tolerance and were thus 
replaced. The RF deck alone took a couple 
of hours to refurbish. When screwing 
the tube shelf back down, take care not to 
compress the wiring; it is a tight fir. 

Check your IF cans for paper caps. 
Give an award to the guy that had the 
bright idea to enable easy access: Four 
tiny screws on the top hold the cover to 
the coil chassis; it slides off easily for 
maintenance. (See figure 5.) 

The power supply units are on a hinge 
and with removal of a few screws and 
standoffs can be swung out to reveal a 
plethora of parts under the chassis shelf. 
‘(See figure 6.) Repetitive swinging of the 
power supply to an out-of-the-way 
position will likely result in a broken wire 
or two; I preferred to disconnect it while 
replacing and checking parts underneath. 
Be cautious of swinging the power supply 
back in position temporarily. It can sag 
without the standoffs and screws, and I 


shorted out a component on the left 
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Figure 5: Inside an IF Can 
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hand terminal strip while testing. 

I also advise taking care when doing 
parts replacements, know what part you 
are removing and double check it against 
the schematic, and if you see something 
that doesn’t look right in one manual, 
check the other manuals. For instance 
C42 is listed as mica in one manual, and 
paper in another, depending on the 
model. These radios either have part 
nomenclature stamped next to the part 
or small paper tags pasted on the chassis. 
For some reason, my BC-314 has the 
nomenclature found on the BC-342 
schematic in the TM-4001! Likewise, my 
BC-314 and 344 had very different values 
for the second detector cathode resistor. 

Once I had finished recapping the set 
and changing out many out-of-tolerance 
resistors, I took notice of the tube socket 
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Figure 6: This is the swing-out power supply. 


resistance chart. Since the resistances are 
given at tube socket pins to chassis 
ground, take advantage of that to double- 
check for shorts, mis-wiring, or other 
problem components. Take these things 
with a grain of salt; one of the radios had 
two resistors that were different than the 
schematic, so readings would be off and 
the manual mentions there could be some 
variability. I started with the B+ and 
screen supply string and that can be tough 
to trace issues since it connects to resistors 
at every tube. I got odd readings with 
both radios, so decided to trace the B+ 
bus. The TM 11-850N has a wiring 
diagram which made narrowing down 
issues much easier. It’s easy to disconnect 
bus wires at a couple of connection points 
to further hone in on issues. 

Through this process I discovered the 
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REF/VOL pot and the CW Osc switch 
needed tuner cleaner as readings were 
erratic. Through an infinite resistance 
reading on the plate of the second RF 
tube, I discovered a broken wire, as well 
as a bad solder joint! Note that the wire 
on my two units is cloth-covered with 
some kind of rubber jacket inside — and 
if you aren’t careful, it can melt and 
contaminate solder joints. 

After I had confidence with the B+ and 
screen supply string the filament string 
was tested. The power supply wires have 
to be disconnected or you ll get erroneous 
readings in both B+ and filament 
measurements. In this process, a short 
was found — I had bent a tube socket pin 
in the CW oscillator box, and it was 
touching the steel socket support! 

My focus then turned to testing the 
power supplies. In the RA-20 AC supply 
I had replaced the electrolytics, as well as 
the 65k ohm bleeder resistor, and tested 
the 5W4 tube. The docs mention loaded 
output at 95 mA is 260 VDC, and on one 
schematic the AC voltages are listed as 
310 VAC-per-winding. Note the filament 
winding is capable of delivering 1.5A; 
and in some sets I find 5Y3s subbed in 
but those require 2.0A of filament 
current. So either find a good 5W4 or 
you can substitute diodes in. 

The dynamotor supply was, of course, 
a different story. I had replaced the 22 pF 
electrolytic and a paper capacitor in the 
dynamotor parts box. The B+ line was 
disconnected before testing. The set was 
powered via a Tripp-Lite PR10 10A 
supply, and I’ve been advised to run the 
radio with something more stout than 
my cheap supply. 

I do not have the PL-114 connector, 
and so made up a connection to the SO1 
connector on the front of the radio to the 


Electric Radio #350b 


+pins “T” and “D.” I inadvertently 
switched the leads! The dynamotor started 
spinning, and I noticed my B+ voltage 
was negative, and turned everything off. 
After correcting my mistake, I reapplied 
power and the dynamotor spun up to a 
higher pitch this time, and my B+ reading 
was about 240 VDC; the docs indicate I 
should be between 220 and 240 volts 
under load. Since the electrolytic was 
subject to reverse polarity from my mis- 
wiring, I decided to replace it being 
concerned that it could be damaged. I 
also checked the motor and treated with 
light lubricating oil. Once I had 
confidence with the operation of the 
dynamotor, and all shorts removed, the 
radio was reconnected for power-on. 

I found that in the dynamotor version, 
the dial light string voltage is sourced 
from the front connector “SO1,” so I 
placed a jumper on the radio terminal 
between pins 1 and 9 so they'll come on 
with the power switch. The radio warmed 
up and I had stations immediately! 
Testing the B+ line, I found my voltage 
down to 210 and it’s jittery on the analog 
meter, about + 2-3 volts, and you will see 
the noise if you end up-scoping the RF or 
IF sections. The current draw is 78 mA 
and the manual calls for 82 mA and 235 
VDC, so my voltage is down about 10% 
and it doesn’t seem to be affecting 
operation. After 30 minutes of run-time, 
the dynamotor was barely warm and 
quiet-running—I’d describe it asa “whir.” 
In testing the BC-344 I had the same 
luck: stations right away! Now I moved 
on to the alignment. 

Alignment 

The alignment instructions are located 
in all three manuals, and the position of 
the adjustment screws makes the process 
fairly easy. The instructions call for the 
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radio to be upended with a prop to hold 
the power supply up. I felt safer laying 
the radio on its face and accessing the top 
and bottom IF can screws that way. The 
IF alignment is straightforward, though 
in my case the alignment screws were 
covered with goop and were missing the 
nuts — so it took a while to get it sorted 
out. I tend to use a scope and peak for 
maximum amplitude rather than 
metering the audio output as 
recommended. 

With respect to the local oscillator 
(LO) adjustments, ifyou have a frequency 
counter the procedure is much simpler 
than outlined in the instructions. Drop a 
lead into the oscillator box and adjust the 
rear screws for the correct frequency given 
the chart of band and dial frequencies — 
you're aiming to be above the tuned 
frequency by the 92.5 kHz IF. Those 
adjustment lock nuts are recessed and I 
had to use a deep-well 5/16 socket to 
loosen them, and I didn’t have a 
screwdriver that would fit through the 
narrow socket. Be careful on those 
adjustment hole screw covers — they 
appear to be aluminum and a couple 
were frozen, the wide slot can tear out if 
you aren’t careful. Tightening those nuts 
had the effect of changing the frequency, 
so there will be some tedium as you 
readjust and tighten to get it right. If you 
don’t loosen the lock-down nuts before 
adjustment you risk cracking the tiny 
retaining collar around the slotted shaft. 
There is a spring action that will pull the 
rotor in and the part will be ruined. 
Replacement isn’t difficult assuming you 
have a spare; I know this first hand — so 
much for speeding towards a red-light! 
[Editor's Note: See Dave Stinson’s article 
in ER #344, Fixing Broken-Nut 
Trimmers.| 


Although the instructions call for 
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setting the local oscillator frequency at 
upper band points (where the parallel 
trimmer has the most effect), you should 
also check the frequency at the low end of 
the band, where the fixed padder capacitor 
comes into play. These padders are special 
silvered mica caps with a low tolerance. I 
had a problem with Band C (450 - 820 
kHz) in one of the radios and I could not 
peak the trimmer to the frequency 
specified in the manual and the bottom 
end of the frequency range was way off. 
After some research, I decided to remove 
the oscillator box cover and investigate 
further. There aren’t many parts that can 
go wrong on a band-specific problem, 
either the oscillator coil, trimmer cap or 
the padding capacitor — as the other 
components are shared with the rest of 
the bands. The outer box is fairly easy to 
remove. The inner oscillator coil box 1s 
also easy to remove, there are only a few 
screws to loosen the cover, and to make it 
easier, remove the long tang that controls 
the wafer switches in the other boxes. — 
Next, remove the four mounting screws 
so the box can wiggle. The cover can then 
be easily popped off. 

Figure 7 is the basic oscillator 
schematic. Note the parallel trimmer 
capacitor C23, 10-50 pF, that is additive 
to the oscillator tuning capacitor C67. 
The fixed padder C28 is a silvered mica 
2% unit. 

I first suspected the padding capacitor 
and using a bridge, found it’s capacitance 
to be about 2200 pF, and then measured 
leakage and found it to be imperceptible. 
I decided to replace it with 2x1000 pF 
NPO (temperature stable) capacitors. | 
tried cleaning the switches, the tube 
socket, and doing a thorough inspection 
with no change in readings. I consulted 
the pros, and the consensus was that age 


probably affected the transformer’s 
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Figure 7, Left: Oscillator 
Schematic, from the Technical 
Manual 


With the tuning condenser 
being ganged with equal 
capacitances for RF and the 
LO, I should be expecting 3- 
point tracking with a fixed 
padder and a trimmer. The 
LO frequency minus the IF 
| frequency should track the 


inductance — perhaps with the 
permeability of the coil slug. 

At these low frequencies the LO can 
have a more pronounced tracking error. 
I’ve read where the rule of thumb is .5% 
of signal frequency; the manual section 
36 calls for +10 kc error maximum across 
the board! It’s important to know your 
radio, and not to be surprised that you 
may be tuning in a station at a slightly 
different point on the dial. I then tried 
adjusting the oscillator coil slug, which is 
challenging. Some units have lock nuts, 
and access is difficult — the TM 11-4002 
section 20.c.8 manual suggests adjusting 
the coil slug when the bottom end of the 
band is off, and says nothing about how 
to do it. 


dial at three points on the band, towards 
the end, somewhere in the middle, and 
towards the top end. The instructions 
call for setting the trimmer somewhere 
near the top of the band. On the BC- 
344, I graphed the dial tracking error; 
bands A and B presented a slightly 
humped pattern and the error was within 
+1.0 kHz, so no further adjustments were 
made. Band C was really off as illustrated 
on the left side of the chart. (Figure 8) 
The base line is zero error; i.e. LO-IF = 
dial frequency. I decided to replace the 
oscillator coil with another coil from a 
donor set. The results are on the left. The 
instructions call for setting the band top 
end at 800 kHz for Band C; you have 
some flexibility to set it anywhere at the 


[ Band C Error 
5 © Error Actual-ideal : 0 Error Baseline 
11.25 O re} 
75 
Oo 
3.75 
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Figure 8: Band C Tracking Error 
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top end if it minimizes your overall error. 
I then went through the bands of each 
radio at six or seven points and graphed 


the LO, just to ensure my tracking wasn’t 
off too much. 

The RF alignment is straightforward, 
and you can follow the instructions by 
injecting audio-modulated RF at different 
points and peaking the audio — I used an 
oscilloscope to peak to maximum 
envelope. 

The pickup of noise was definitely a 
new experience for me with the LF bands. 
My living room dimmer caused quite a 
racket, and my girlfriend and I hunted 
around the house for different noise 
sources as we listened to the receiver for 
the effects. The electric commuter train 
that runs by the house every 20 minutes 
also caused some noise as well as my new 
heating system. By far the worst was the 
dimmer in my floor lamp — the noise was 
horrible — and the audio squeal varied in 


pitch as we adjusted the brightness of the 
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Figure 9: The Antenna 


Connectors 


lamp! The dynamotor 
itself is a noise source, 
although I didn’t pick 
up much in reception, 
although the noise was 
visible on the scope. 
My antenna isan HF 
vertical, and need to 
experiment with better 
configuration for low 
and medium DXing. I 
was able to pick up a 
non-directional 
beacon (NDB) at 379 
kHz in Duluth, MN, 
from my South Jersey 
QTH, and have more 
work to do. There area 
few other notes to consider. 

There is an onboard send/receive relay 
that shorts the antenna and mutes the 
audio. This can be accessed via the SO1 
connector. The manuals had conflicting 
stats for this part, and by some 
experimentation, the relay was found to 
close.at, 12-14 VDC. 

I chose to use the LS-3 permanent 
magnet (PM) speaker, and the jack system 
for audio can differ between models. 
There are two other 4%" jacks for Ist 
audio and 2nd audio labeled “Phones” 
and you can drive the speaker. 

However, on the BC-314 the “2nd 
audio speaker” jack is a 7/32" jack 
requiring the PL-68, a three contact plug 
with the tip hooked to 12 VDC and ring 
and sleeve to audio. I’m not sure what 
accessory plugs in here and the manuals 
do not mention anything outside of the 
HS-30 headphones. I have found a 
reference on line that there was a 


previously used electromagnet (EM) type 
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speaker that the LS-3 replaced that used 
the PL-68. The LS-1 and LS-2 were 
apparently PM speakers so I’m not sure 
what model speaker was EM-type. 

Fora vintage military boatanchor, these 
radios are fun to use, and the small 
footprint leaves your desk with room to 
spare. The audio output is good and the 
band spread on the medium frequency 
models is great, on one evening I quickly 
counted 40+ discernible stations on the 
broadcast band. I have yet to hear much 
below broadcast band, and have to work 
on my antenna configuration, and at 
these lower frequencies there is quite a 
bit of noise. The next time you see one of 
these radios for a good price grab all 50 
pounds of it and remember: always bend 
at the knees! 

No piece of equipment is without 
“Gotchas,” such as I’ve listed below: 

1) TM 4002 Figure 29 BC-314 PS 
schematic shows erroneous wire from 
pin 5 of the terminal strip Use TM 11- 
850 schematic instead. 

2) TM 4002 Figure 44 shows R31, 
R32; R37erronecously as C31)'C32,°C37 

3) TM 11-850: at V7 Cathode resistor 
is shown as “R 31 250M” This should be 
R37, and could be 250k or 750 ohms 2 
watts depending on the radio. 

4) TM 11-850: at V4 C65 should be 
labeled C66. 

5) TM 4001 Section 19a Should be: 
“Capacitance is at minimum (plates 
completely unmeshed) when dot is above 
the slot.” 

6) TM 11-850: RF alignment section 
is out of order. See section 88 paragraphs 
a) and b) for the setup. Section “c) 
PROCEDURE?” was mistakenly put in 
Section 89! (alternatively, use the 
instructions in TM-4002 

7) The “Micamold” labeled units under 
the RF deck at V1, and V2 are actually 
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wire-wound resistors - don’t be fooled. 
See the black rectangular unit pictured 
below: 

8) The stock antenna connector is 
almost impossible to find. 

9) The dynamotor circuitry is mounted 
in a thin metal box “ugly style” and may 
be free floating. Ensure it is sufficiently 
insulated from the compartment. 

I have a few parts left (no power 
supplies) and electronic copies of the 
manuals Reel "iréetovemail "meat 


RadioArtistry@gmail.com. 
supplemental information and pictures 


Some 


blog: 


are My avallablem™ “on entry 


TaoOfJude. Wordpress.com 
ER 


Saratoga County Amateur Radio 
Association’s 33nd Annual Hamfest 


Sunday, September 9th; Gates open at 
7:00 am 

Saratoga County Fair Grounds, 162 
Prospect St, Ballston Spa, NY 12020 

Directions: 

e I-87 to Exit 12 

¢ West on Rt 67 to Ballston Spa 

e At intersection of Rts 50 & 67 50 North; 
look for hamfest signs, 

¢ In village, turn left at Prospect Street; up 
hill on left. 

$6 per person includes hourly door prize 
drawing, plus 8’x8' “tailgate” space 

¢ Lots of NEW AND USED gear and 
accessories to haggle over. 

¢ Fox-hunt on the fairground property. 

¢ Under-cover tables available for $10 each. 

¢ Delicious Food served all day. 

For more info: Jim Polewczak (KG2H) 
231 Northline Road, Ballston Spa, NY 12020. 
Email: kg2h@arrl.net Phone: 518-703-9558 
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A 175 Watt Screen-Modulated Transmitter 


Part 1 
By Phil Legate, ACWOB 2) to develop enough audio voltage for 
ARE@Reagan.com the cathode follower (CF), so that stage 
could provide enough modulating screen 

In most high-level amplitude- voltage to the 813. 
modulated transmitters, one uses a Class- Typical voltage gains of CFs are from 
B modulation circuit with a modulation 0.65 to 0.8. Type 811s and 812s were 
transformer andareactorchoke. Locating — tried but did not provide enough gain. 
modulation transformers and reactance With the gain of the 572B, we were able 
chokes is becoming more difficult and _ to see a stage gain of 0.8. This allowed us 
expensive, especially forthe higher power __ to pass plenty of modulating voltage on 
transmitters. to the final amplifier’s screen grid. 

To circumvent purchasing costly This transmitter operates on the 80, 
chokes and reactors, we use screen 40, and 20-meter bands using tuned 
modulation here using an 813 power circuits in the buffer, IPA, and the final 
tetrodeas the final amplifier, stillavailable | amp stages. Maximum carrier output is 
today as NOS tubes in good condition. 195 watts, but I generally operate at 175 
The modulator is a triode 572B acting as watts carrier to reduce system heating. A 
a cathode follower. chassis mounted 120V 65 CFM fan 

The main problems encountered were _ directs air flow to the 813 final amp. 
to: Each stage has component designations - 

1) establish the proper quiescent DC starting at “1” since I prefer to describe 
operating point for the tetrode’s screen | components on a stage-by-stage basis. 
and, Figure 1 below is the block diagram of 


the system to be discussed. 


1, 813 with Option for 2, 813's 


6HF8 OSC-Buffer 


Pierce Crystal Osc. 
Tuned Buffer 


+305V Reg. LV 


Screen Modulated RF Final 


6AU6A Microphone Amp 


Audio 


Audio Driver 
12BY7A 


HV 2250V 


Figure 1 
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As 
right in Figure 


shown 


2, the micro- 
phone audio is 
amplified by a 
6AU6 and sent 
to an inter-stage 
transformer 
driver, driven by 
al2ByY7A: The 
transformer has 
a turns ratio of 
3:1 so it provides 
plenty of audio 
voltage to the 
SOAR 
Broadening 
t h c 
transformers 
frequency re- 
sponse is accom- 
plished with a 
shunt resistance 
and does not af- 
fect its second- 
ary voltage. 

A series circuit 
dampens out 
any high fre- 
quency tran- 
sients. 

@8 and R3 
provide a 3 dB 
pre-emphasis 
for improved 
speech articula- 
tion. 

R4, and..R8 
provide bias for 
the 6AU6 screen 
and the cathode. 
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Figure 3 is the 572B 
cathode-follower 
modulator. This 
circuit has a soft knee 
negative clipper in 
which a red LED 
flashes when the 
negative modulation 
exceeds approximately 
526. 

Over-voltage 
protection for the 
SiStsrr? screeni “y is 
provided by a series of 
200V zeners. 

During key-down, 
proper bias is applied 
to the grid to establish 
the | D@ voperating 
point via RLY 2. On 
key-up, a negative bias 
is applied to the grid 
which forces it and the 
Final into  non- 
conduction. 

Filament voltage to 
the 572B is provided 
by “ra Wo separate 
transformer that will 
be discussed later in 
the power supply and 
power distribution 
sections. 

Plate. voltage \is 


supplied by a filtered 


circuit which taps off the HV B+ supply. 


1780V 


Fy 3.5kV 


V3. «+V3=572B 


40 mA in AM Keyed 


S75V P-P 


60 Watts in AM Keyed 


From Speech Amp/Driver 


pore c cen coon 


19" Belden 8259 
Audio Output 


To Final Screen 


eee eres 


Ro = 155.2 ohms 


40 mA Max/Tube 


TP2 Red 
~ 370V P-P 


~ 230V* 


D214 150V 5W 


D1 


C3 


4.25 MA Quiescent 
&rn 


~ 195V, + 240¥" 
, 100k 10W 
~195V 


RLY2 


910 1/2W 


Figure 4 is the exciter, which uses a GHF8 as a conventional Pierce crystal oscillator/ 
VFO amplifier and a tuned buffer. C13 provides extra capacitance for tuning the 80 


meter band. 


The regulated +180V is developed here as well. 
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commonly found in vintage 6 meter rigs 


Figures 5 and 6 are the IPA stages that 
gives us plenty of power to drive the grid 


so operation up to 50 MHz is not a 


problem for them. Figure 6 is an 


of the final. I had been given a set of 6360 


alternative IPA stage using a 5763 tube if 
you cannot obtain or do not wish to use 


VHF tubes and wanted to try those and 


they worked out well. These tubes are 
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the 6360 type. R4 adjust the IPA’s screen These stages also show the bias circuit 
voltage to vary RF drive to the final. An _ inthe lower right hand corner. A regulated 
extra capacitance is switched-infortuning __ bias voltage of approximately -210 volts 
the 80 meter band. is split off here and voltage-divided. 
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Figure 7 is the 813 final 
amplifier stage. As in the 
modulator stage, the grid is given 
maximum bias on key-up to make 
this stage non-conducting. RLY1 
accomplishes this task. 

Grid metering and tube 
cathode current metering are 
provided by R3 and RO, 
respectively. I use inexpensive 10 
k/volt VOMs to measure these 
values via jacks on the front panel. 

The plate choke deserves some 
discussion. I tried a number of 
different choke combinations 
using Doug deMaw’s formula and 
formulas from others. Attempting 
to find good Pi wound plate 
chokes to handle the plate current 
can be difficult. Ferrite core 
chokes are essentially useless since 
they saturate due to the DC 
current and their self-resonant 
frequencies change to an “in- 
band” frequency. 

I settled on the Hammond 90 
wH linear air wound choke 
(REC1521) for the reasons stated 
above. 

Figure 8 is the Pi-Net circuit 
and was developed using the 
Wingfield equations 
programmed into MatLab PC 
_ software. The coil is silver-plated, 
10- gauge wire. For 80M 
operation, extra capacitance is 
switched in via the bandswitch. 
A trap is provided to attenuate 
any frequencies above 15 MHz. 
A voltage divider divides down 
the RF voltage to be sampled by 
an oscilloscope or spectrum 
analyzer. 


(Editor: Part 2 continues 
next month! | 
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The Drake MN-2000 2 kW PEP Antenna Tuner 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 


ke8rn@comcast.net 


General Description of the Drake 
MN-2000 


As shown in figure 1, the Drake model 
MN-2000 is a high power antenna tuner 
with a built-in wattmeter and antenna 
switch for use with two antennas and a 
dummy load or a third antenna; the 
tuner network can NOT be used with 
the third output (labeled ALT for 
alternative), but the wattmeter still 
functions. The third output was provided 
with a dummy load use in mind. It has 
cabinet styling and color (black of course) 
to match the Drake TR-3 and TR-4 
transceivers and Drake 4-Line receiver/ 
transmitter stations including the L-4 


and L-4B linear amplifier. The MN- 
2000 is designed for 1000 watts of RF 
continuous duty and 2000 watts peak 
envelope power (PEP) for SSB. It covers 
80, 40, 20, 15, and 10 meters; there are 
no specific switch positions for the 
WARC bands but the WARC bands can 
be tuned by selecting the closest of the 
80, 40, 20, 15, or 10 meter bands. It is a 
high power version of the smaller Drake 
MN-4 antenna tuner. | 
Circuit Description of the MN-2000 
The MN-2000 does not use the popular 
“T” network used in many antenna tuners 
to provide a wide range of impedance 
and reactance matching. The “I” network 
can be viewed as two “L” networks back- 
to-back using a common inductor. The 
MN-2000 uses a fixed input capacitor 
that is switched when changing bands; 
the capacitance is 340 pF on 10 meters 
(made from five 68 pF capacitors in 


46 


=| 


REACTIVE 
TUNING 


MODEL, 
MN.; 
* . ‘2000 MATCHING NETWorK 


Figure 1: Drake’s Attractive MN-2000 Matching Network 
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parallel), 423 pF on 15 meters, 523 pF 
on 20 meters, 1100 pF on 40 meters, and 
2160 pF on 75/80 meters. This fixed 
capacitance is shunted to ground across 
the signal input from the transmitter or 
input to the receiver. (Asa former designer 
of antenna tuners at Dentron Radio I 
always think of them from the transmitter 
to the antenna.) A bandswitched inductor 
is in series with the RF signal; it feeds two 
variable capacitors, each with a tuning 
range of 20 to 245 pF. One variable 
capacitor goes from the inductor to 
ground; the second variable capacitor 
goes from the inductor to the output to 
the antenna (or input from the antenna if 
looking at signal flow in receive). See the 
schematic in figure 2. Drake calls the 
variable capacitor to ground the “resistive 
tuning” and the variable capacitor to the 
antenna “reactive tuning.” This design 
does not give the wide tuning range that 
the “T” network does; but it also does act 
more like a low pass filter, not a high pass 
filter like a “T” network simulates. The 
Drake MN-2000 tends to aid harmonic 
attenuation, rather than make it worse as 
most antenna tuner do. Drake notes this, 


but does not explain why, by saying the 
MN-2000 may increase harmonic 
attenuation by 25 to 35 dB; they say that 
a low pass filter may not be needed (as 
long as the tuner function is always used). 
Some reviews of the Drake MN-2000 
note that it does not have as wide a 
tuning range as some other tuners. The 
MN-2000 switches the inductance and 
the fixed input capacitance to change 
bands; two wide spaced large capacity air 
variable capacitors are used to complete 
the network. Unlike most Dentron 
antenna tuners and other antenna tuner 
products, the Drake product does not use 
reduction drives on the two variable 
capacitors, making tuning toalow VSWR 
much less easy and somewhat “touchy” 
due to the fairly high Q and sharp tuning 
of the network. The inductor is an air 
wound design which requires a fair bit of 
room; it is a good idea to leave an air gap 
of at least one diameter around any 
metallic structures near the high power 
inductor. Dentron’s later antenna tuners 
that I designed used toroid-core 
inductors, which allow much closer 
placement of surrounding components. 
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Figure 2: The Drake MN-2000 Matching Network 
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Figure 3: The coils in the MN-2000 are massive parts, built to easily handle 2 kW PEP 


that is the rating of this unit. 


The MN-2000 did not 
have a built-in balun 
for use with balanced 
antennas and open 
wire feedline; it can 
only be used as sold for 
coaxial unbalanced 
antennas and feed lines 
unless the used 
supplies his own 
separate balun. There 
is also. no i place 0 
mount a balun inside 
the MN-2000; Drake 
did not sell a balun as 


far as I know. Figure 4: The Wattmeter’s Circuit Board 


The Built-in Wattmeter in the 
MN-2000 


The MN-2000 has a built-in RF 
wattmeter similar to the Drake W-4 
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wattmeter. It reads forward power with 
ranges of 200 and 2000 watts full scale 
and VSWR; it does not read reflected 


power as many watt meters do. The 
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‘Figure 5: The rear panel has a versatile complement of antenna connectors. 


wattmeter uses the same pickup circuit 
board from the coaxial line as the Drake 
wattmeter product. Dentron Radio took 
the same approach when I was their chief 
engineer; we were already very good at 
making the wattmeter pickup for or W- 
2 RF wattmeter; it was included in several 
antenna tuner products. 
Appearance of the MN-2000 

The MN-2000 uses a deeper cabinet 
than the R-4 and T-4X to provide enough 
internal room for the components. It 
uses the same hardware and feet as other 

‘Drake products of the same era; the small 
knobs used for the wattmeter and the 
antenna/function switch are the same 
style used on other Drake products of the 
era; the band switch and capacitor knobs 
are the same as used on the L-4 and L-4B 
linear amplifiers. 

Antenna connectors and the input 
connector are the popular (but NOT 
constant impedance (like “N” series 
fittings) SO-239 fittings to mate with the 
popular PL-259 connectors. 

The cabinet is the same size as the T'R- 
3 and TR-4 transceivers but is a wrap- 
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around, non-vented enclosure; it is deeper 
than the 4-Line T-4X and R-4. 
Integration with other equipment; 
MN-2000’s place in the Drake 
product line. 

The MN-2000 does not provide for 
accompanying equipment to provide 
automatic band switching; this sort of 
equipment integration was generally not 
done when the Drake MN-2000 was 
being sold. 

The MN-2000 was made by Drake 
from about 1968 to 1978. In 1968 the 
MN-2000 sold for $195.00; by 1978 it 
had risen to $250.00. 
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y 
Voltage Management for 
Large Boat Anchor Receivers 


By Perry Sandeen 
Banning, CA 


sandeenpa@yahoo.com 


Introduction 

One of the vexing problems that face 
large boat anchor receiver owners is the 
problem of modern line voltages, as 
compared to the original receiver 
specifications and its effect on receiver 
operation. Additionally, the line-input 
RFI capacitors and original two-wire 
power cords used can pose a dangerous 
shock hazard when in general civilian 
use. 

As I live in a rural area and have high 
line voltage (124-125 volts) that 
fluctuates, as well as having occasional 
fractional-second drop outs. So, several 
years ago I conducted a survey on the 
“R390 internet reflector” list about the 
voltages people had at their location. 
About half had voltages above 120 volts. 
This led to a long discussion of methods 
used to get the input voltage back to an 
acceptable and stable level and dealing 
with the issue of grounding to prevent 
GFClIs from tripping. Some used Variacs, 
constant voltage (CV) transformers, or 
dropping resistors. On the Hammarlund 
SP-600 radios, some just used the 130V 
tap — but what if the radio moves to anew 
location? Then, except for the CV 
transformer, one might have to readjust 
taps for the new location. 

All of these methods work more-or- 
less successfully but each has several major 
limitations due to the size, weight, cost, 
or effectiveness. Another problem with 
the SP-600 and R-388 types is that 
negative bias voltages are derived from 
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an unregulated power supply. A small, 
more-negative increase in value of a fixed 
negative-bias voltage can reduce receiver 
sensitivity greatly. Bill Orr wrote about 
this issue with the R-388 in a Ham Radio 
article years ago. While the examples 
here are for the SP-600 series receivers 
they can easily be ported over to R-390s 
and other similar receivers. The SP-600 
power supply problems are like that of 
gumbo in the south; always good but 
never the same twice. 

Hammarlund’s variations are such that 
some bias circuit and some B+ values 
may not be applicable to your specific 
receiver. They also used various regulated 
voltages in different configurations —and 
complicating this was the use of several 
different chassis configurations. (For 
more detail search for Andy Moorer’s 
SP-600 internet web page or the “free 
SP-600 anthology” for more details.) My 
summation is: While the TM11-851 is 
the most complete publication about SP- 
600 variations, it is incomplete and has 
some errors. One needs to perform due- 
diligence on every receiver. 

Based upon the laws of physics we 
can’t achieve the best reasonably available 
performance of any B/A receiver without 
removing all possible variables. Some are 
happy with a “plug in and pray” mods 
and many will more-or-less work — but 
that isn’t my goal. Up to now most of us 
haven't given too much attention to 
receiving tube longevity as they seem 
readily available at reasonable prices. I 
believe this lulls us into a false sense of 
security. While it is probably true that if 
one only needs GBA6s and 6BE6s there 
are probably enough of those available 
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for eons as the military used so many of 
them. What about the better tubes we 
use as substitutes for the 6BAG such as 
the 6BZ6, 6JH6, and 6GM6s — to name 
a few of the popular tubes made generally 
for TV receivers? The last of these were 
manufactured 40 years ago. Also, out the 
millions of tubes that are available, most 
aren't useful to B/A receivers. Look at the 
prices asked for 26Z5s or ballast tubes on 
eBay and it will give you an idea of future 
tube prices for those types we use. While 
I have sufficient tubes stocked up for my 
planned needs, stocking up is just a band- 
aid solution to the real problem. 

Tube longevity is based on a number 
of factors. Filament voltage, its rate of 
application, stability of the filament 
voltage, rate of application of the B+, 
plate dissipation and tube cooling are the 
major factors involved. I’ve attempted to 
solve as many of these problems in the 
circuits I designed. I divided the problems 
into four parts. First was electrical safety 
and inrush current protection, Next was 
solving filament levels and variables. The 
third part covers the B+ supply. The 
fourth covers bias supply issues. The 
revised input circuit in figure 1 below 
deals with the safety and RFI problems. 
The Corcom filter unit (or equivalent) 
provides about 35 dB attenuation to RF 
signals. It also reduces the shock hazard 
as it has a leakage value of far less than 
500 pA. Its ground is permanently 
attached to the chassis so grounding can’t 
be lost. A new STDP receiver switch 
opens both AC input to the receiver as 
modern codes require. The CL-80 or 
CL-90 thermistor reduces input surges 


and the MOV removes line spikes. 
Then there are other issues affecting 
longevity and performance. According 
to the RCA tube manuals, receiving tubes 
are rated at 6.3 volts +5 per cent.* This 
calculates out to be from 5.985 to 6.615 
volts. In addition there is the factor of the 
rate at which voltage is applied to the 
filament. It is necessary to cool tubes. 
Another problem, according to the tube 
manuals, is the screen voltages used in 
receivers. Most tubes list the screen 
voltage to be +150 or less. B/A receivers 
often use values over 100 volts more. I 
added a +105 volt circuit for screen 
voltages as that is what Hammarlund 
used on their finest, the R-620. The rate 
of filament voltage application is 
controlled by the CL-80 or CL-90 
thermistor in figure 1. Cooling is easily 
done with heat dissipating tube shields 
and/or computer fans. The two problems 
remaining are the filament voltage and 
its regulation. The regulated supply that 
I designed for the SP-600 receivers 
addresses regulation. Regulation will 
adapt itself to different line voltages 
automatically and it fits inside the 
receiver. Cost is about $30 for both the 
filament and B+ circuits. With some 
modification, it can fit in the R-390A. 
All circuits use 1% metal film, ”’W 


*(Editor’s Note: The RCA Receiving 
Tube Manual RC-20, and 
the Radiotron Designer’s Handbook, both 
say receiving tube filaments should be 
used at 6.3 volts for proper operation 
and long life. The RCA Transmitting 
Tubes TT-5 manual says heaters should 


CcCORCOM 


AC 
IN 


be maintained +10 percent 
unless smaller tolerances are 
quoted in data sheets, and 
that greater variations may 
cause tube 

shortened life. ] 


damage or 
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CHECK FILAMENT OUTPUTS FOR 
PHASE! NUMBERS ARE FOR 
SLLISUTRA TION OKLY 


3¢ SEE TEXT FIG 2 


output load of each 
regulator is limited to about 
1.5A. I used three LM 
1084-5s to insure 
maximum regulator life and 
minimal heat sinking 
requirements. 
Regulated High Voltage 
Circuit 

Figure 3 is the revised 
circuit for the B+ rectifier 
and filter. The filter circuit 
is changed to a choke input 
to lower its output voltage. 
The original chokes are 
replaced with Dynaco 
replacements from Triode 
Electronics. They are much 
smaller and lighter. The 


reduction in inductance is 


resistors as they are the most stable 
ordinary resistors one can buy and they 
are considerably cheaper than the original 
carbon composition units used.* 
Filament Circuit Description 
The key to the filament circuit in figure 
2 is the LM1084 LDO 5A regulator. The 
part I selected was the fixed 5V unit. 
The 7.5V and 5V are paralleled and 
series-wired to provide 12 to 13 VAC. 
The Schottky-barrier bridge rectifiers 
provide minimum loss. The high 
amperage allows for minimal heat sinking 
requirements. F3 and F4 protects against 
shorts. After the filter caps the 15k resistor 
is a’ bleeder for’ the caps. The 1N007 
diodes prevent reverse voltage damage to 
the regulators. The regulator’s output is 
raised to about 6.0 volts by the two diode 
diodes in the ground leg. Due to slight 
component variation, with the LM1084, 
two 1N914s may be required to achieve 
6.0 volts. While rated at 5 amps, the 


[*Editor’s Note: Be aware that metal 
film resistors have maximum voltage 


ratings. | 
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offset by using 11 times the original 
capacitance value. 2 

Figure 4 comes from an Audio Express 
article from about 10 years ago. The 15k 
resistor provides about 10 mA to the 
zeners. This is the optimum value for 
temperature stability. Five were used to 
insure that 220 volts could be adjusted as 
the zeners are rated at +5% extra 
headroom was needed. 

The 100 pf electrolytics are mounted 
as close as possible to the source and 
drain leads helping insure stability. The 
10 Megand 10 pF cap forms the RC time 
delay for a slow B+ rise. A larger cap can 
be used for an even greater warm-up 
time. The 270k resistors are used for 
bleeding off the caps when power is 
removed. The reverse diode shunts the 
Mosfet in case B+ input is lost while the 
final 100 pf cap is charged. 

In figure 5, the additional regulated 
B+ voltages needed are derived from 
zeners fed by the regulated +220. The 
input resister limits total current to 20 


mA with 10 mA going through each set 
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DYNACO 1.5Hy 
200mA 55 OHM 


Figure 3 


INPUT 1N4007 


5X 1N53968B 47 ¥ 
Po SET FOR 220¥ 


AT REGULATOR 
OUTPUT 


Figure 4 
of zeners. The SP-600 model you oO hime 
have may not need these voltage Rath Cian. 
values and you may have to calculate 2w INSo47 Rov 
1NS373B 68V 
for another value. pin 


Figure 5 
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4N5357 4a 220 
160 


In figure 6, negative bias supplies are 
poorly designed and they rely on dropping 
resistor(s) to get the value(s) desired. 
AB Sails remedied with 
semiconductors. The simple one shown 
just uses a single zener. The circuit with 


easily 


A MUCH BETTER 
BIAS SUPPLY 
CIRCUIT 


the TL 431 programmable zeners 
provides superior regulation to simple 
zeners and the unit cost is almost the 
same. The TL 431 output formula is: 
Vo = (1+ (R1/R2) ) x Vref. : 


Et 


2018 Hamvention — Midwest Military Radio 
Collectors Group Net Summary 


By Robert Nickels, WORAN 

The Saturday nets are the highlight of 
the Hamvention for military radio 
collectors, and the wide range of vintage 
gear in use is always interesting to see. 
Weather, Murphy, and other factors 
always promise some last-minute 
challenges! 

Joe Munson (WA4VAG) who conducts 
the WWII net on 3885 AM always brings 
an interesting rig from his extensive 
collection, which has ranged in past years 
from RCA AVT-112/AVR-20 pair that 
were commonly used as “ferry radios” 
when newly-built US warbirds would be 
ferried to their units before final outfitting 
(often by WAC pilots), to the ART-13 
and BC-348, powered by “dynamonsters” 


44 Electric Radio #350b 


of course! 

This year Joe had planned to use a rare 
Australian WS A510 transmitter/receiver 
pair made by AWA for the net, but 
broughta TCS-12 set (built by Magnavox 
under contract to Collins Radio) along as 
a backup. When we learned that the 
Memphis Belle, a B-17F Flying Fortress 
that was one of the first heavy bombers to 
complete 25 combat missions with her 
crew intact would be going on display at 
the United States Air Force Museum in 
Dayton, OH that weekend, Joe switched 
to the more powerful TCS in hopes of 
making contact. Unfortunately the TCS 
transmitter was not cooperative and even 
after switching to the 2° backup Syncal 
30 packset, no contact with the Memphis 

July 2018 


Belle was made. Joe conducted the net 
using the TCS receiver and the Racal 
pack set for transmitting which required 
manual “volume control muting” to 
add to the fun. Ray, VK2NO, assisted 
with logging, but found some of our 
“American accents” to be as challenging 
as some of us find the “Downunder 
dialect.” At least the intermittent rain 
showers cooperated in giving us a clear 
interval for the WWII Net, with 20 
portable AM stations checking-in from 
around the flea market area. 

The second Hamvention net is the 
HF Pack Net on 18175.5 USB, the HF 
Pack 17 meter calling frequency. Tom, 
KZ8ZZ, conducted this net using a 
PRC-2200 manpack radio made by 
Tadiran and a good mix of modern and 
vintage equipment was heard, with 16 
stations in the log including KSVWZ 
from his home station in Texas. 

The third net is the Cold War Net on 
51.0 MHz FM. Vietnam-era portable 
tactical radios are the commonly heard, 


along with later vintage US and 
European squad radios. Ray (KA3EKH) 


made sure the “other side” was 


represented with his Soviet R-109 field 
radio. (and a “pilotka” garrison cap!) 
Jim, KA8TUR, did a fine job as net 
control until Hamvention officials 
warned that threatening storms were 
approaching and the net was cut short 
before the last few of the 30 check-ins 
were able to add their comments. 

2018 marked the launch of a new 
group, the Midwest Military Radio 
Collectors Group (MMRCG), which 
coordinated the three nets and plans more 
military radio-related activities for future 
Hamventions. The MMRCG hopes to 
build on the success of the northeast 
MRCA and MRCG west coast groups by 
providing opportunities to learn about, 
restore, and use military radios through 
on-air nets, online, and at centrally 
located events like the Hamvention. The 


MMRCG email reflector can be found at 
https://groups.io/g/ MMRCG and a web 
site is planned. Anyone with an interest 
in military radio is also encouraged to 
join the Saturday morning MMRCG Net 
on 7296 USB or AM at 9AM Central 


time. 


ER 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 

Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 
40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 kc daily, Mornings Only at 6:00 AM MT MT, QSX 
K@OJ 

Collins Collectors Association Nets: Sunday, 14.263 Mc @ 2000Z. Informal Tue. & Thurs. eve. 3805 kc @2100 ET. West 
Coast 75M net, 3895 kc 2000 PT. 10M AM net 1800Z, 29.05 Mc Sunday, QSX 1700Z. CCA First Wednesday AM Night monthly, 
3880 kc starting @ 2000 CST, or 0200 UTC. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WBOIQK), ous (W9DCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 
KHz +/-QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Kc @ 0800 AM, ET on Sun. QSX op is Mike (N8ECR), with alternates. 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, W1GUD 

Fort Wayne Area 6-Meter AM net: Meets nightly @7 PM ET 0n 50.58 Mc. Another long-time AM net, meeting since the late 
‘50s. Most members use vintage and homebrew equipment. 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH 1s Connecticut. 

K6HQI Memorial 20 Meter Net: Flagship AM net 14.286 Mc daily for 25+ years. Check 5:00 PM Pacific Time. 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8K YD) or Jeff (K3K YR) 
Midwest Classic Radio Net: Sat. morning 3885 kc @7:30 AM, CT. Only AM checkins. Swap/sale, hamfest info, tech. help 
Mighty Elmac Net: Wed. nights @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc. QSX: NSECR 
MOKAM AM ‘ers: 1500Z Mon. thru Fri. on 3885 ke. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 ke. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. QSX op Paul (W1ECO) 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/- QRM. QSX Ted, W3PWW. It isn’t necessary to 
check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/-QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill W4WHW), 
Jay (WB6MWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. QSX Lynn (K5LYN), or Adolph (WASIGG) or 
Vince (WB4BPS) 


Westcoast Military Radio Collectors Net: Sat.@2100 Pacific Time 3985 ke + /- QRM. QSX W7QHO. www.mrcegwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 
Wireless Set No. 19 Net: Second Sun. 7270 kc (+/- 25 Kc) @ 1800Z. Alternate 3760 kc, +/- 25 kc. QSX Dave (VA3ORP). 
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CLASSIFIEDS 


Advertising Information: Please Read 


Ads received AFTER the deadline will be held for 
the NEXT Issue. 


How to SubmitAds: WEGREATLY ENCOURAGE ALL ADSTOBE 
SENT BY EMAIL. Ads are printed the way they are received. If an ad 
must be sent by regular mail, neatly print or type the information so it 
is LEGIBLE. Ads that are not legible will not be included. We are not 
responsible for ads sent by mail that are lost by the postal system or ads 
that are not legible. Not all readers use email, so include phone 
numbers if a response is desired. 


Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Please email for the display ad rates, they are different 


from regular classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as above. If you 
are over 20 words, send payment for the extra words at 20 cents 
for each word by check or money order in the mail, or via PayPal. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 

to 20 words. Each additional word is $1.00. 
Electric Radio 

PO Box 242, Bailey, Colorado 80421-0242 

Ray@ERmag.com (Emailed ads are preferred.) 


Electric Radio #350B July 2018 Aw 


SUMMER 2018 
HAM RADIO AUCTION 


Below are the highlights, many more items not listed. 
Full catalog will be posted one week prior to the auction. 


* FEATURING x : 
Collins KWM-1 Transceiver and Power Supply 
Collins Gold Dust Twins, 75A-4 & KWS-1 
Collins KVWVM-2 Transceiver 
Collins 32S-1 Transmitter 
Collins 75S-1 Receiver 
Collins 51J-4 Receiver 
Motorola R-390A Receiver 
Hallicrafters SR-2000 Hurricane Transceiver 
and P-2000 Power Supply 
Hallicrafters HT-44 Transmitter and Power Supply 
Hallicrafters HT-32A Transmitter 
Hallicrafters HT-33A Linear Amplifier 
Central Electronics Multiphase 100V Exciter/Transmitter 
EF Johnson Viking 500 Transmitter 
Ten-Tec Paragon Transceiver 
National NC-303 Receiver 


We'll also have a great selection of “newer” vintage gear, including a Kenwood 
TS-950S, ICOM IC-761, ICOM IC-R7000 and much more. Parts, accessories, 
tubes and other associated items will be included. Over 200 LOTS! 


July 19th @ 7PM CDT - August 2nd @ 7PM CDT 
Nationwide Shipping Available. 


SCH U LMAN 73, David Schulman, WDOERU 


816.455.5520 or 913.568.3767 


AUCTION & REALTY, LLC david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 
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MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or best- email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: Moving sale. Email for lists: 
Audio, Ham Gear, Test Equipment, 
Antiques, Literature, Tubes, Parts. 
(Indicate which lists you want.) Email: 
K6GLH @volcano.net or call 209 418- 
4741 


FOR SALE: Hammarlund SP-600 Model 
J-11 Manufactured by Northern Radio. 
This SP-600, J-11 is an excellent radio 
and is a rare product from Northern Radio 
in NY. Hammarlund ser# is 7251; N. 
Radio data is Type 159, Model 1, Ser 387. 
_ It has been tested on multiple bands and 
functions very well on AM, CW and SSB — 
fully operational BFO. Freq range is 54 
kHz — 54 MHz, and speaker is 600 ohm 
output (spkr available separately). Many 
photos available. Contact Alan, K9MBQ, 
in Charlottesville, VA. Price: $395, Pickup 
only, but will meet a buyer within a 
reasonable drive distance. 


FOR SALE: RCA 2A3 tubes, $100 each; 
Western Electric VT25A tubes, $50 each. 
Norm, 507-962-3458 or 
njordan @ alliancecom.net. 


FOR SALE: 307A Tubes for SCR-284 
$30; Vibrator PS, PE-104, for SCR-284, 
$20. Dave, WBOWHG, 608- 515-3466, 
wb9whg @arrl.net. | 


FOR SALE Boatanchors Galore 
Hammarlund Hallicrafter Lafayette 
Gonset And More Chair Side R/R 
Consoles Call Howard 301-320-3028 


FOR SALE: Hallicrafters early variable 
capacitor unit. Hammarlund HQ-129X, 
Microwave sweep oscillator EH. All for 
$500. Paul Recupero 265 Union St. 
Portsmouth, RI 02871-2264 
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FOR SALE: Johnson 1KW_ 6N2 
Thunderbolt. Very good condition, spare 
tubes. $Offers Please. Pick up only. Email 
info & photos. Bob, K9LCR, 847-587- 
7982, 25174 W. Lake Shore Dr., Ingleside, 
Il 60041-9170. ac4tibet@ hotmail.com 


FOR SALE: Gonset Twins, G-77a and G- 
66b. All cables and matching power 
supplies and manuals. Andy, 
K6RY,candoandys @aol.com. 559-903- 
2482 


FOR SALE: Mint BC-314G, 150-1500 MHz 
with shock mount. $100. Dual ARC-5 
transmitters, 3-4 and 7-9.1 MHz, with 
modulator, rack, and shock mount, $200. 
Wireless Set No. 19 Mk-2, complete with 
mount and variometer. $200 These are 
heavy so would prefer pick-up. Sam, 
W6JTT, slellycp @aol,.com, 714-893- 
2092 


FOR SALE: Fully operational AR-8510 in 
a beautiful SE-1420-D cabinet Photos/ 
video upon request $1,775.00 plus 
shipping. www.radiolabibstruments.com 
734-961-7915 


FOR SALE:1947 Millen Transmitter, w/ 
power supply and modulator one cabinet. 
Includes tubes, etc. Photos/video upon 
request $1.285.00 plus shipping (heavy). 
www.radiolabibstruments.com 734-961- 
7915 


FOR SALE:1927 CRG-5A built National 
Electrical Supply- US Coast Guard 
Excellent Condition. Photos/video upon 
request. $2,500 plus_ shipping. 
www.radiolabibstruments.com 734-961- 
7915 


FOR SALE: 8 repairable 1930’s wooden 
console radios, $200 for all, Call for more 
info, Walter, 718-456-1988 
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RadioLab Instruments, LLC 


Reinventing the Future by Preserving the Past 


RadioLab Instruments was founded on the premise of providing great listening 
experiences to our customers. We specialize in Amateur radio, Classic audio, and 
Vintage radio equipment. We have the experience and expertise to connect you with 
the equipment needed to give you great listening experiences. 


WE BUY COLLECTIONS of ham/amateur, vintage radio, and Hi-Fi tube audio 
equipment, Eastern United States & International. Contact us to schedule a 
consultation! 


Check out our selection of radio and audio equipment at 


www.radiolabinstruments.com 


BC37SE Transmitter with Millen Transmitter, RCA Vibroplex Iambic Bug 
TU7B Tuning Unit Receiver, and Power Supply Key 


Good Overall Condition Restored in 1994 Excellent Condition. Tested 
Missing 10-Y and 211 Tubes and working well 


$750.00 


We have a wide variety of equipment for sale. If it isn’t listed, odds are we can find 
it so feel free to reach out with specific requests. 


$1285.00 $165.00 


An exclusive offer for our Electric Radio readers, we are offering 10% any 
purchase through the end of August. Use the promocode “ElectricRadio” at 
checkout. See Terms Below* 


Phone: 7 34-961-7 951 Email: sales@radiolabinstruments.com 


*Limit One use of code per customer. Valid only when purchasing through RadioLabInstruments.com Discount applies ads to the 
purchase price of item. 
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7.250 kHz (Night), July 20-21". 


FOR SALE: ALPHA AMPLIFIEROWNERS 
New panels for Alpha 76A, 78, 374, 77Sx 
and 77Dx. Contact John Stanford, KF6l, at 
wb8svn @ gmail.com or 714- 412-7399 
with your requirement. 


FOR SALE/TRADE: ARRL Handbooks 
1942-1992: Radio Handbooks 1936- 
1987; Allied Radio Catalogs 1930-1971; 
WRL, Walter Ashe, B.A., Fair Radio, 
Lafayette, Thordarson-Meissner catalogs. 
NI4Q, POB 690098, Orlando, FL 32869. 
407-351-5536, ni4q@juno.com 


SACRIFICE: 1940 Philco #42-842 122- 
Three-Way Portable, intermittent 
operation. Schematic, Instructions. Pay 
just UPS with Money Order. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612, Call After 6 PM EST 
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WO9IDYV Vintage Radio Event 
This year’s WO9DYV Vintage Radio event will be held, once again, at Storybrook Farms 


in historic Jonesborough, Tennessee on July 21-22. Plans are being made for numerous 
technical discussions; a “deluxe” covered flea market area; and as a carryover from past 
years: an expansive free outdoor tailgating area! Every year this event gets bigger and better. 
If you’re into “boatanchor radios” you don’t want to miss this! Make plans now to attend. 


Presentations scheduled to-date include the following: 


¢ History of National Radio & Restoration Hints — George Maier, W1LSB 
¢ High-Performance Receiver Audio — Bob Heil, K9EID 

¢ Spratley Island DXpedition — David Assaf, W5XU 

¢ SDR Techniques for the Boatanchor Enthusiast — Bob Nichols, W9RAN 

¢ History of Collins Radio — George Maier, W1LSB 

¢ The Drake TR-8 Prototype — David Assaf, W5XU 

¢ The “Mysterious” Batchelor Broadband Coupler — Nick Tusa K5EF 

¢ Mechanical Teletype — Get it back on the air! — Nick England KANYW 

° The Pine Board AM Transmitter from Jan, 2018 QST — Bob Heil, K9EID 
e Hints and Kinks for Restoring Vintage Gear — TBD 


Register early for these presentations and note that we are adding more so check the CE 
website for details (www.ce-multiphase.com). Early registration is $25 for both days ($35 
on-site). Deluxe swap tables are available at $20 each, per day, but this space is limited so 
call TODAY: 504- 400-8873. 10 acres of free tailgating (Saturday starting at 7AM to noon 
Sunday) space is available, first-come, first-served. Look for us on 14.293 kHz (Day) and 


FOR SALE: Autek, Eico, Heathkit, Icom, 
Knight, National, and Tektronix gear. 
Please email for list. David Justis, KNOS, 
dijustis!1 @juno.com, 952-836-5570 
Leave Message. P.O.280, Wicomico, VA 
23184 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WA5UEK 
cosmophone @ yahoo.com 


FOR SALE: Magnavox Console Stereo 
1960s, 5 feet wide, Auto Record Player, 
Cassette Tape, $95 Toshi Yamada, 7107 
175th PL SW, Edmonds, WA 98026 
ja1ftc @ hotmail.com 
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WANTED 


Ham Radio, Vintage Audio 


and Tubes 


Based out of Nevada, we travel the 
Western United States buying sur- 
plus equipment. We buy vintage 
and modern ham gear, as well as 
high fidelity audio and tubes! 


; HamGear __ Vintage Audio . 
Tubes Large Speakers d 
Military Equip Telephone Equip 
Boat Anchors Old Computers _ 
Manuals -=—Ss Test Equip 


_ Components — wand more! _ < 


Call or email for info... 
1-866-988-0073 


KG7LOV@hamandhifi.com 


a2 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 


limited warranty. We now have 14,000 satisfied 


www.ezhang.com 


Call Today! 


customers around the world! 


304-856-1026 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 16A 
@ 125V $5.00 apiece plus shipping. John 
H. Walker Jr., 13406 W 128th Terr., 
Overland Park, KS 66213. PH 913-782- 
6455, EMail jwalker83 @kc.rr.com 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100IG. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
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Collins & Drake, & better efforts from 
others. Laboratory performance 
documentation on request. Work 
guaranteed. Chuck Felton, KD@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign @ yahoo.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N900, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill.riches @ verizon.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
250-Ol24.)  Dayion) Oly Otpy 
TomsAntiqueRadioRepair.com 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 
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FOR SALE: 60 years of electronic parts by 
mail. Components, Hardware, Tubes 


Meters. Free Flyer USA. Bigelow 


Electronics, POB 125, Bluffton, OH 45817- 
0125. 419-358-7851 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaiedp @ yahoo.com 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


SERVICE FOR SALE: SMO and module 
repair for KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @sbcglobal.net, 501-282-2991 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KDOZS, Cheyenne 
Wyoming, 307-634-5858, 
www.feltondesign.com 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, KANYW, 
navy.radio @ gmail.com 


WANTED: Power supply/moduator for the 
Clegg “ Zeus “6 and 2 meter transmitter 
— working or non-working. E-Mail or call 
662-755-255-2558. Jim, WASWRE. 

WANTED: Missing page 16 of the Hickok 
810 signal tracer manual. Please send to 
mmoss @mindspring.com Thanks! 


WANTED: Drake 2-AC Crystal Calibrator 
for Drake 2-B to complete restoration. 
Carm,WOST, wo3t@arrl.net 814-832- 
2246 


5 4 Electric Radio #350B 


WANTED: HRO-60 AC coil set. Phil, 
W1GEE @ yahoo.com 


WANTED: Hallicrafters S-27 FCC receiver 
needed for working RID set up. Paul 
Thekan, N6FEG , 650-367-1499, 
Paul. Thekan @cpii.com 


WANTED: Original realistic DX-150A 
Manual S/N range 0218xx Paul R. 
Rehkopf, 340N. Monroe St, Montpelier 
Ohio, 43543, phone 419-485-4388, email 
mkrprroh@live.com 


WANTED: AN/APN-1 REBECCA Receiver/ 
transmitter RT-1A/APN2 and associated 
components for a C-47 restoration project. 
Mark, WOPXM, 303-278-3908, 
mmckeown @tde.com 


WANTED: Any documentation for Alpha 
Delta Communications Model VRC-1 
Variable Response Console speaker. 
Robert Baumann, WV@Z, 1985 South 
Cape Way, Lakewood, Colorado 80227. 
WVOZ@ARRL.net 


WANTED: Close up photo of the screen of 
your Heathkit HO-13 while operating. 
Chuck, wa7zze@gmail.com 520-682- 
8544 


WANTED: Hallicrafters SX-85 tuning coils, 
IF Transformers and slugs. Mark, 
KD2NOM, 732-213-0159, 
kd2nom @ gmail.com 


WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 
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OPPORTUNITY AHEAD! 


— for trained men only! 


Get In—and Get Ahead in TV 


Licensed atleast 25 years ago and licensed today? 


Then you should join the 
Quarter Century Wireless Association, Inc. 
To Join or Renew visit: 
http: /wnwew.qewa.orgijoin-renew.php 


For more information please contact 
om@qcwa.org 


for the Radio Amateur 


for the Radio Amatet 


1. nbedaction 


The 2nd Edition of Hollow-State Design has over 50 pages of 
new material and revisions including 4 new chapter on 
thermatron oscillator design. This book has everything you 
need to know about the art and science of thermatron design 
and construction. it is 287, 8.5 x 11" pages, packed with 
hundreds of photos, schematics, diagrams, charts, and 
formulas. Grayson Evans, TA2ZGE/KJ7UM has been licensed 
since 1962, grew up on thermatrons, spent 40 years in the 
electronics industry, and is bored to death with solid-state! 


saeaensececysnsntn ntl eA TN 
NOW Available from the Electric Radio Bookstore! 
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This book has everything you need to 
know about the art and science of 
thermatron design and construction. 
It pulls together thermatron types 
and characteristics, thermatron 
homebrew techniques, and how to 
design audio and RF triode and 
pentode circuits. The book is 233, 8.5 
x 11” pages, packed with hundreds of 
photos, schematics, diagrams, charts, 
and formulas. Grayson Evans, 
TA2ZGE/KJ7UM has been licensed 
since 1962, grew up on thermatrons, 
spent 40 years in the electronics 
industry, and is bored to death with 
solid-state! 


NOW Available from the © 
Electric Radio Bookstore! 
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WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES’ by George 


L. Graveson. Also “The OSS Comm Vets 


Papers, Second Edition.” 


daveg3uur @ gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB4O0GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: Collins Manufactured Tubes 
ca 1936-1938- Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WASCEX, 23800 Via 
lrana, Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: Quantity of crystals, 5500 kc 
and 5595 kc. Steve Bartkowski, 708-243- 
ALjo 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: 1930's civilian airline radios 
air or ground station use- Any radios or 
test gear used by FCC Hallicrafters etc- 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@gmail.com, 704-657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


WANTED: ARC-5 transmitter racks MT 
69, 71, 73, 75. Steve, K2DKT, 
skeller53@gmail.com, 718-405-8378 
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WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r@ gmail.com 


WANTED: PRESS WIRELESS, NY: 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm @optonline.net 631-360- 
9011 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, nq5t @tx.rr.com, 214-629- 
8759 


WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted@x44.cc 


WANTED: Lots of IERC TR5-5020H 7-pin 
black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
NiVJ, Hopkinton, Rl 401-377-4912 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
rodperala@ aol.com 
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Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The coloris slightly lighter than 
the cover of ER. $17.00 
delivered, $18.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 
THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


Collins KWM-2 .........:.ssccccecceessseeees Cescsce 4 hours, $89.95 
Collins 75S-3 and 32S-3.......50:.....sssdseeees 2 hours, $89.95 
Cry Ng EO Li secs ccna dekceecynnsaqesetenstoeycnuctes 1 hour, $39.95 
a LEMS Ts a ne nr mea f 1 hour, $39.95 
Collins KWS-1............ TE ee MOR is A: 2 hours, $39.95 
ES AI1S ys 7 AH Aiat.s ponhe oc sscsesencecctone des cg Rate 2 hours, $89.95 
Collins R-390A...............00- ob ret ssa caus ...7 hours, $109.95 
Collins R-390A Addendum......... eS ae 2 hours, $49.95 
Hammarlund SP-600JX.......... eee ee 4 hours, $89.95 


Shipping within the US: $6.75 each for the first two DVDs, additional 
titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 
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WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KAGNNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 


WANTED: Vlbroplex or other Bugs for 
Restoration. Email with condition/ 
images, KC9UNL, Curt Gidding, 
curtstamp @aol.com 217-359-4017 


WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil R-390’s 
&backpacks- & tube radios. Also copies 
of postwar-90’s surplus catalogs, 
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DIGITAL VFO SEEMS S- als & ELEN R4 SERIES 
COLLINS |. sane ae DRAKE 
Includes A All Tuning 

2.7MHz Crystal Is Done With 
Oscillator The VFO 1000 
To Replace Providing 
The Collins Complete 
VFO, Giving Digital Control 
Complete For Highest 
Control To The Accuracy And 
VFO 1000 ~ Stability 
$275 + $15 S&H $250 + $15 S&H 


Easy installation ¢ just plug in the adapter and connect the cable 
THIS IS A DIGITAL VFO ¢ NOT JUST A DIGITAL READOUT 
More Info & Order At kk4pk.com 


backpack specs & photos. W.K. Smith 
44684-083, FCI Ft. Dix, PO BOX 2000, Fort 
Dix, NJ 08640 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956 


WANTED: To complete SCR-178 set, 
Generator GN-37, Lamp LM-18, Wiring 
diagram that screws into the case lit. 
Robert Forte, RVFORTE@GMAIL.COM 
732-894-3558 


WANTED: Information from owners of the 
BC-187 MO-PA transmitter for follow-up 
to my BC-186 ER article. Please contact 
me if you own one of these sets. | am 
looking for user experiences and the 
information on the ID tag - order numbers, 
serial numbers, etc. Also looking for 
anyone with BC-187 calibration chart. 
email me at wa2ejt59@stny.rr.com or 
phone me before 8:30PM Eastern time at 
607-754-2848 — leave a message and | 
will return your call. Thank you. 
Ne ee 
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ZIM ELECTRONICS INRUSH CURRENT LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: 


Model AB-1M, (With Voltmeter),.....csc.csssssccsssssssssssessssseeeees IIIS 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
Shipping, each limiter .............cscssscesrreeeeree $7.50 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such Pa PRET ALR SEE GE 
damage. They are not intended to be used as a voltage- Models AB-1M, AB-30 OM 
reducing device. The AB-1M is 150W. All models ; 


come with a full money-back guarantee. Electric Radio Store 
720-924-0171 


Drake Manuals on CD 


The R.L. Drake manuals that were 
compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 


Series 1 + Disk 1 
RL, Drake Co, 


Now all of your Drake service 
information can be in one place and you 
won't have to worry about not having a 


System 
Requirements; 
Any computer with 

Adohe Acrobat Reader 
Performance will vary 
depending on speed of 
the computer. 


manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 


| www.ERmag.com 
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JOIN THE AWA 
ANTIQUE WIRELESS ASSOCIATION 


PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 
e Sponsors the unique, world famous Antique Wireless Museum 
e Publishes the scholarly annual AWA Review 


e Produces the exciting Annual AWA Convention 
Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


Hayseed Hamfest LLC - Cedar Rapids, lowa 


AN CAPACITORS 


can-caps.com 


It’s Easy to Assemble Stancor Transmitter Kits 


Stancor 69 Transmitter Kit Stancor DC-3 Transmitter Kit 
Sixty-watt input waldo con rouse transmitter. Works either Extremely compact, lightweight radio phone transmitter. De- 
on 5 deca orC. CW. on any tends rom 10 meters to 160 meters. All $ 7 where for aircraft, marine, portable and emergency applications $3 773 75 
controls are convenient y located on front pancl. Has front door eeacarcs of power is Gor 12 volts D.C. Entirely self-contained. 
with interlocking switch which permits coil and crystal changing _abpreadlbaeg ximum of vt Nab de rolled 2a Cc, select< Less folk cog 
from front, Has 3-inch dial scale meter oe we with awitch, $16 Down able from front Ae 8 to 9-watt carrier. Accessorica need $8 Down 
used 16J5GT (or } 12, SGT), 2Oveck tubes, crystals, single button 


Cabled w: harness makes hooku pquick eeay EM ‘ 
1-Hy 69 ta Amplifier, 1-6AC7 Mi e gigs L6 ay she 1-8 and 1-80 carbon “mike” with relay switch ae miniature antenna change-over relay (optional). 


+I 
rectifiers, 1-6V6 crystal oscillator. Kit price includes: part cial meter, and 
cabinet, size 16x94x11 inches. Coils required: Barker and wilh iamson end Link 87 NP 010198—Kit of Parts including circuit components, cabinet, shock absorbing 
unior, “Barker and Williamson cen' ge link Junior, Barker and Williamson variable moents eight-foot battery cable, and two vibratora (onc spare). "Shipping oe 
link Junior, For 110-volt @-cycle A.C, pou nda a eeisieele osina cade 9 0.0 va afd cia Raiianienees's's s'sce cleanin nGinemeln mitts $37.7 
sy ne ox 0197—Kit of parts less tubes, crystal, and coils. Shipping enue 
pou 
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Tubes, Tubes, Tubes 
for your next project! 


Electric Guru Parts House 
www.electricgurupartshouse.com 
Phone: 262-833-7999 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, Wi 53126 


W7FG True Ladder Line and 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
e The most trusted, reliable, all-band 
doublet for 20 years. 
e Thousands in Use, Sold Worldwide 
¢ Use coupon code “ER” for 10% 


discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


YZ 


« Your Resource for * * Collins Radio * * 
SS (ENN (ENV XN 


Collins Collectors Association 
Wy 


¢ Offering Unparalleled Free as wellas.. 
e .... Exciting Member Benefits 
* World Class Signal Magazine 


e Visit at collinsradio.org & join the fun 
e See our Events Calendar 


¢ Come see what the excitement is about 


WW Zy 


Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985” 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rd, 
_Pennsburg, PA 18073, 215-541-1099 
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NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP@ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan @ gmail.com 
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—ELECTRIC RADIO BACK ISSUES— 


All Electric Radio back issues are either from the original press run or lithographic reprints 


from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 


The NEW easy to use on-line search for back articles is at 
https://www.ermag.com/index/ 


e We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at a discounted price plus $24.00 shipping, at least a 
56% discount the over single-issue price. Please call for a quote on all of the number 
of remaining back issues while they are still available. 

© Single Issues: $4.00 Each, Postpaid 

e 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

¢ Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

¢ Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 
All of the Collins compendiums are produced in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and 
all the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 124 pages as of April 2018. 


Licaabbunsnenidiciphiieh esl Sahil: ta Ate en eee |. en es $27.00 plus $7.00 Shipping 


Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages 
sande bila es bs iececsea eyo seenre SEE Nae ne MMR RIN A te i $47.00 plus $8.00 Shipping 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biogra- 
phy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
AVEMMISING. ------------------------------ 2-2-2 - on nnn none n nn n nnn nnn nnn nnn nnn nn nnn nnn nnn nnn enn nnenns $25.95 - 10% = $23.35 
Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees.-----------------------------------------------=-- OUT OF STOCK 
Again Available! Volume 1 of Crystal Clear by Maurice Siever-:-------------------- $29.95 - 10% - $26.90 

Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 
related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 


62 Electric Radio #350B July 2018 


Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ------------------------------------------- $32.95 - 10% = $29.65 
Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full Color.--------------------------------------0-----0-00--00-00= $36.00 - 10% = $32.50 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 


IS OXCeIleN. ---------------------------------- 2a nnn nn nnn nnn nn enna nn nnn nnnnnnnnnnnnmanmnnmnnmcnmanannnnnnannennanan $24.95 - 10% - $22.45 
BraCuCal Hadio REPair, VOLUME Te risch ects resscssccrceseesnenssenccenscnsnenaenceenuadaceansnareceresshnesansas $26.95 
BPACHGCHETMAGIO REDAIr, VOIUMEC 2° ...cccsssecccescnvescxsscnasscnnbcoracnusanacessnssscvovasvecessissseucasnssensees $26.95 


The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos.--------------------= —- 
worn en nnn nn annem nnn nnn nn enn nnn nnn nnn na nnnnannannannenannnennenannenaensenanasnaeumenensananmmamaanansanmemmmmmnmmmmnmmnme $25.95-10% = $22.45 
Tube Type Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ..............06: $26.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------------- $29.95-10% = $26.95 

Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
inforMative.------------------------------------------2- nnn nn nnn nnn nn nner nnn nnn nnn nnn nnn nnn neem nnn nnn n enna naan $26.95-10% = $24.25 
Again Available! Shortwave Receivers Past & Present: This is Fred Osterman’s 
long-awaited 4th edition, 2nd printing, a hardbound, heavy, 800-page masterpiece, 
more like an encyclopedia than a mere handbook! Sure to become a classic volume, 
it contains info on over 1,700 receivers from 1942 to 2013, when the book was com- 
pleted. Includes many hard-to-find details about European equipment.--------- $49.95 

The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 
end Polessmentioning radio communications of the day..---+-------=--2-2-~------nc0- nn aton nm eenbannannnann ance $13.50 


Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas (SK), a retired engi- 
neer, this book is packed full of valuable information about test equipment. 166 color pages. - 
wan nnn nn nn nn nn nnn nn nn en nnn nn nnn nn nnn nnn nn nnn nn nn nnn nn nn nn nnn nnn nnn nnn nn nnn nnn nnn nna $29.95-10% = 


$26.95 

Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders. Please Note: When the 
remaining stock is gone, this book will be out-of-print.------------------------------------0-- 2-0 -=- $21.95 - 10% = $19.75 


Ordering Information: 
Books are usually sent by USPS Media Mail 


Hollow State Design and Tube Type Transmitters are shipped for $6.00 each. 
Shortwave Receivers Past and Present is very heavy and shipping is $7.00. 


For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address. 
Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal, Call or Email for Details 
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Subscription Information 

Published Monthly : 
The monthly Electric Radio mailing date is posted at www. ermag.com. 

Rates within the US: | 

Ist Class Rate: $47 (mailed i: in envelope) 


Periodicals Rate: $36 


Rates outside the US, by airmail only: 
Canada : US $54 : 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Nicnday to Friday Le 
Subscriptions and renewals maybe purchased Ones at 
WWW.ERMAG.COM oe 


email: Ray@ERmag.com 


Electric Radio 
Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel all- 
cotton style with an adjustable rear 
headband and a3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 
Or On-Line: www.ERmag.com 
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READY TO DOWNSIZE 
YOUR ESTATE? 


we i 

hi planning for Hae ham, aitiuebadin or 
audio equipment cantbe difficult: Take the 
sttess off yousand your family by: calling us at 
816- 455- 5520 to sée how we can si ah 


We, re a Midwest based online auction 
company witha slot reach. . 4: 


Natichwide pidkup 8 services availablei/ 


SCHULMAN 


AUCTION & REALTY, ‘LLC 


e aad 73{ David Schulman, WDOERU 
HALLICRAFTERS SR-2000 HURRICANE 816-455- -5520 or 913- -568-3767 
SOLD FOR $2,255 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


